Purpose: To validate the Cognitive Problems in Children and Adolescents Questionnaire (KOPKIJ, German: Kognitive Probleme bei Kindern und Jugendlichen), a proxy report measure for recognizing cognitive problems in pediatric patients with epilepsy. Methods: Anonymized data sets from 279 pediatric epilepsy patients were standardized in regard to the KOPKIJ results of 352 healthy children and adolescents. The KOPKIJ was related to objective routine neuropsychological assessment (NPY), and to two subjective measures, the Child Behavior Checklist questionnaire (CBCL), a proxy rating by the parents, and a questionnaire for self-perceived health-related quality of life in children and adolescents (KINDL). Results: Following principal component analysis of the KOPKIJ's normative data, three scales "basic functions", "academic skills", and a "total score" were differentiated, which indicated problems in 35%, 33%, and 32% of the children. Low IQ was evident in 23%, objective impairments in at least one major cognitive domain in 64% of the patients. Behavior (CBCL) and quality of life (KINDL) were impaired in 40% and 21% of the patients. Separate regression analyses revealed that objective cognitive performance (IQ, language, visual-spatial functions) explained $30%, behavior (CBCL) and coping with the disease (KINDL) about $40%, and clinical features (age at onset) 5-8% of the variance of the KOPKIJ scales. Conclusion: The parents' impressions of children's cognition obtained via the KOPKIJ only in part reflect the neuropsychological cognitive status of children and adolescents with epilepsy. They appear rather determined by the children's behavioral problems, which in real life situations indeed often co-occur with cognitive impairments. Aspects of the epilepsy only marginally influence the parents' ratings of their children's cognition.
Introduction
Cognitive and behavioral problems are very common in children and adolescents with epilepsy [1] . They often exist from the beginning of the disease if not before [2] , and need to be monitored along with the course of the disease and its treatment in order to identify the driving factors behind cognitive and behavioral issues [3] . Cognitive deficits in children and adolescents can either be assessed via objective neuropsychological tests, or alternatively by subjective questionnaires or rating scales which are given to patients or proxies. These different types of measures, however, are not necessarily equivalent and thus not interchangeable [4] . Apart from the fact that patient or proxy reports often do not match with objective assessment, the superordinate question always is as to whether objective and subjective data reflect actual behavior in everyday life fulfilling the criterion of ecological validity [5] [6] [7] .
At our epilepsy center we have worked with the KOPKIJ, a German questionnaire, since its publication in 2006 (see Supplementary material which provides an English translation of the KOPKIJ). The KOKIJ [Kognitive Probleme bei Kindern und Jugendlichen (cognitive problems in children and adolsecents)] is a first-contact questionnaire answered by parents or caregivers, which is thought to give a quick overview of the cognitive weaknesses and strengths of a given child or adolescent [8] . This questionnaire is different from other instruments generally used in pediatric patients, because it was specifically designed for patients with psychiatric and neurological disorders. Preliminary data on the standardization and validation of the KOPKIJ have been published as part of the German publication of the questionnaire [8] .
Following the question of what parents refer to when evaluating their child, we assessed the validity of the KOPKIJ in a larger number of 279 children and adolescents with epilepsy by relating their KOPKIJ results to objective neuropsychological performance, to subjective proxy report of behavioral problems, and to self-perceived quality of life of the child. These latter measures were chosen in addition to objective testing, because the parents' perception of their children's cognitive situation may well refer to more than what is being assessed in a laboratory setting by use of standardized tests.
Methods

Patients
Included were pediatric epilepsy patients with complete data sets in regard to an objective neuropsychological assessment and the three relevant subjective measures (KOPKIJ, CBCL, and KINDL). Data from 279 of 964 children and adolescents with a behavioral assessment between 2006 and 2016 fulfilled this selection criterion. The data were acquired during routine neuropsychological assessments, extracted from the neuropsychological database of the Department of Epileptology, University of Bonn, and anonymized for scientific evaluation. The resulting sample comprised 279 patients with epilepsy between 6 and 17 years of age. About half (46%) of the patients were female, the mean age at epilepsy onset was 7 years, the mean duration of epilepsy 5 years. Of the 225 patients for whom information on the type of epilepsy was available most of the patients had the diagnosis of a structural (65%) or cryptogenic epilepsy (of unknown origin) (32%). A minority of 3% had a genetic epilepsy. Structural epilepsies were mostly evaluated in regard to possible surgery, epilepsies of unknown origin were in part evaluated for possible surgery and in part for differential diagnosis. Genetic epilepsies are generally rarely seen since the clinic in Bonn is in the first line known as an epilepsy surgical center.
Fourteen percent of the patients were off-drug, 36% were on antiepileptic drug monotherapy, and 50% on polytherapy. Seizure frequencies, however, were documented in the neuropsychological database for 183 of the patients. The median frequency per month was 5, the range 0-300. However since frequencies were not provided for different seizure types, this information needs to be relativized (see Table 1 for patient data). Table 1 lists not only patient data but in addition data from the healthy controls who served for the normalization and standardization of the KOPKIJ and whose data were used to perform a principal component analysis of the tool.
Instruments
An overview of the applied tools and measures is given in Table 2 . In addition to the KOPKIJ, two subjective measures (CBCL, and KINDL) and the results of the objective neuropsychological assessment were used. Data displayed as N = number of patients; M = mean; SD = standard deviation. AEDs = anti-epileptic drugs.
KOPKIJ
The "Kognitive Probleme bei Kindern und Jugendlichen" questionnaire (KOPKIJ) is a subjective proxy measure which was developed to identify neuropsychological problems in children and adolescents with psychiatric or neurological disorders [8] . (see supplemental material with a translation of the questionnaire) It comprises 100 performance-related and 14 additional more general questions to be answered by the parents or caregivers and aims at an overview of cognitive problems in children and adolescents in their daily living. It is divided in nine categories: language, memory, visual-spatial function, executive function, attention, reading, writing, and calculating. Higher scores represent greater neuropsychological problems. The test has been normalized with parents from 352 healthy children and adolescents [8] . As for the demographic data of the normative sample in relation to the evaluated patient sample, see Table 1 .
Before examining the KOPKIJ in regard to the other measures, and in order to reduce the number of variables, a principal component analysis (PCA) with orthogonal rotation (varimax) was conducted on the nine subscales using the normative data set of healthy children. The PCA resulted in two factors with eigenvalues greater than 1, i.e. in two KOPKIJ subscales "basic functions" (factor 1) and "academic skills" (factor 2) which were analyzed as variables of interest apart from the KOPKIJ total score which comprises all domains (see Supplementary Table 1 ). The basic functions factor comprises the subscales memory, visual-spatial function, executive functions, attention, and comprehension, and covers 55% of the variance of the questionnaire, while the academic skill factor comprises the subscales language, writing, calculation and reading, covering another 11% of the variance. Also from these data, the cut-off scores (above the 84th percentile of the healthy subjects) that define impaired and unimpaired subjects in regard to the three KOPKIJ scores were calculated.
Neuropsychological examination (NPY)
The objective measure used in this study was the routinely performed neuropsychological assessment (NPY) described by Gleissner et al. and Lendt et al. [9] [10] [11] . It entails the presurgical neuropsychological test protocol applied at the Department of Epileptology of the University of Bonn. Depending on the age of the patient, different tests were administered. The cognitive skills assessed by neuropsychology are: IQ, attention and executive function, motor function, language, visual spatial function, as well as verbal and figural memory. For a common scaling the tests for each cognitive domain were summarized and rated on a five-tiered scale:
Thus higher scores reflect less cognitive impairment. The difference between two neighboring categories resembles approximately one SD of the mean standardized score across all underlying test parameters. For cross tabulation scores from 0 to 1 were rated as impaired, and scores 2 to 4 as unimpaired).
CBCL
The Child Behavior Checklist (CBCL) is a questionnaire usually completed by parents or a caregiver, used to identify behavioral problems in children and adolescents [14] . It contains descriptions of behavioral and emotional problems and is composed of three different scores: internalizing problems (withdrawal, somatic complaints, anxiety/depression), externalizing problems (delinquent behavior, aggression), and total problems, which is a sum of all items (anxiety/depression, withdrawal, somatic complaints, aggression, delinquent behavior, attention problems, thought problems, and social problems). Higher scores on this test reflect more behavioral problems. According to the CBCL manual for subscales 1-8 T-values above 67 were considered as problematic, for the superordinate scales T-values >63.
The validity of CBCL in epilepsy has been demonstrated [15] .
KINDL
The Fragebogen zur Erfassung der gesundheitsbezogenen Lebensqualität bei Kindern und Jugendlichen (KINDL) measures the quality of life in children and adolescents [16] . This questionnaire is answered by the children themselves and contains seven categories: physical well-being, emotional well-being, selfesteem, family, social (friends), school (everyday functioning) and coping with disease (quality of life with respect to his or her illness). A higher score on this test represents a better quality of life. According to the KINDL manual, individual scores were considered as impaired when they were lower than the following scores: physical well-being <9, emotional well-being <11, selfesteem <7, family <10, social <12, school <9 (children) <8 (adolescents), total <10 (children) <6 (adolescents), and coping with disease <7 (children) <6 (adolescents). 
Statistics
First of all frequency statistics were calculated to describe the occurrence of cognitive and behavioral problems as assessed by the different instruments.
In order to check for inter-correlation of the 9 KOPKIJ domains before the analysis and in order to reduce the amount of information provided by the many questions of the questionnaire a principal component analysis was computed based on the group of the healthy controls who served for the normalization and standardization of the. (see above in the methods section).
Using stepwise multiple linear regression analysis, predictors of the KOPKIJ scales were calculated separately for 1. neuropsychological tasks, 2. CBCL and KINDL, 3. for demographic and clinical data. Independent NPY variables were IQ, attention, motor function, language, visual spatial function, verbal memory, and figural memory. From the CBCL questionnaire, the internalizing and externalizing scores were entered, and from the KINDL questionnaire physical well-being, emotional well-being, selfesteem, family, social, school, and coping with disease scores were used. Demographic and clinical data which were included were age, type of epilepsy (structural versus not structural), onset of epilepsy (age in years), duration of epilepsy (in years), gender, and number of antiepileptic drugs (AEDs).
In a second step, for each predictor resulting from regression analysis, correspondence of categorized data (impaired/not impaired) with KOPIJ scale categories (impaired/not impaired) was calculated using chi 2 tests. For the same variables the sensitivity and specificity were determined. Table 3 shows the impairments as indicated by the KOPKIJ, objective neuropsychological assessment, CBCL and KINDL, ranked in the declining order of percental frequencies. Accordingly 32% of the patients were rated as cognitively impaired when the KOPKIJ total score was considered. The basic function score indicated 35% impaired patients, the academic skill score 33%. There was considerable overlap of the impairments in both subdomains (81% for impaired, 92% for unimpaired). The individual subscales revealed most frequent impairments in attention (52%) followed by memory (35%), executive functions (34%), and reading problems (33%). Problems in the remaining domains were reported in less than 30% of the patients.
Results
Objective neuropsychological assessment showed that the most frequently affected domains were attention (37%), memory (36%), visual spatial functions (36%), and language (35%). The other domains including full scale IQ and memory functions were impaired in 23-28% of the cases. Overall 64% of the patients were objectively impaired in at least one cognitive domain, taking motor functions, attention, material specific memory, language and visuo-construction into consideration.
According to the CBCL, 40% of the patients had behavioral problems, more in regard to "internalizing behaviors" (43%) than to "externalizing behaviors" (26%).
Self-report of quality of life (KINDL) indicated 21% with an impaired total score. The major domains of impairment were "coping with the disease" (21%) and "emotional problems" (17%) Least frequent problems were reported in regard to "family" (6%).
Direct correlations of cognitive subdomains assessed with the KOPKIJ and the corresponding neuropsychological constructs are displayed in Table 4 . Overall the correlations are low to moderate (r between 0.20 and 0.39), and, most importantly, non-specific. The subjective rating of attention for example correlates with the objective assessment of attention, but it correlates with language and memory as well. The same is true for the other subjectively rated domains for which a direct comparison with the objective neuropsychological assessment of the corresponding domains was possible.
Separate stepwise linear regression analyses were performed to predict KOPKIJ scores (total, basic functions, academic skills) taking objective cognitive performance (NPY), subjective behavior (CBCL and KINDL), or demographic variables into consideration.
The resulting regression models, the predictor variables and their variables with their relative contribution (beta weights) to the models are displayed in Table 5 .
The individual regression models indicate that objective testing of IQ, language, visuospatial functions, and verbal memory explains about 30% of the KOPKIJ scales, in contrast to about 40% of the variance explained by behavior (mainly CBCL total, and KINDL "physical problems" and "coping with the disease"). Demographic and clinical variables explained <10% (age at onset and in part gender, whereas seizure frequency, duration of epilepsy, drug load, age did not enter the regression model).
Cross tabulations reveal that the variables extracted as being significant for prediction from regression analysis allowed a correct classification of a KOKPIJ total score impairment in up to 74% of the cases (see Fig. 1 ).
The best sensitivity/specificity ratios for the prediction of the KOPKIJ were obtained for IQ (69%/74%) language (57%/81%) and the CBCL total score (58%/84%). Vice versa the KOKPIJ was most predictive for IQ, language, and the CBCL. Here the sensitivity was Frequencies of impairments indicated by parents' subjective rating of cognition KOPKIJ, objective cognitive performance (Neuropsychology), and behavior (CBCL and KINDL). Ranking in the order of occurrence.
lower but the specificity was higher (IQ 39%/90%, language 60%/ 80%, CBCL total 60/76%). In general the KOPKIJ tended to underestimate cognitive impairment (i.e. it signaled no impairment when objectively assessed cognition was impaired) whereas behavioral problems were overestimated (it signaled impairment whereas the behavioral scales did not).
Discussion
Questionnaires based on parents' proxy reports on the cognitive capabilities of their children with epilepsy may provide a valuable source of information for a first contact appreciation of the cognitive comorbidity of the children seen in an out-or inpatient setting.
We therefore evaluated the external validity of the KOPKIJ, a German questionnaire for parents and caregivers, which had been introduced and first validated 10 years ago [8] . In the study at hand 279 patients who had undergone neuropsychological testing and whose parents/caregivers had answered the KOPKIJ for cognition and the CBCL for behavior were evaluated. The children themselves had answered the KINDL, a quality of life questionnaire. The collective included children and adolescents admitted to an ** Correlation is significant at the 0.01 level (2-tailed). Table 5 Results of stepwise regression analyses to identify determinants of KOPKIJ ratings (total score, basic functions, academic functions).
Regression Analyses (stepwise -final models) epilepsy clinic specialized on epilepsy surgery. The vast majority of the evaluated children thus suffered from symptomatic-structural or cryptogenic epilepsies with unknown origin.
Only three percent had a diagnosis of idiopathic-genetic epilepsy.
Within the this group 64% of the patients were objectively impaired in at least one cognitive domain, taking motor functions, attention, material specific memory, language and visuo-construction into consideration, 23% were intellectually challenged by a low level of intelligence. The pattern of more frequent partial dysfunctions rather than globally reduced intelligence is typical for a collective of patients, which mainly consisted of patients with focal structural epilepsies visiting an epilepsy center with the focus on epilepsy surgery and for patients suited to be formally tested.
The results indicate that the information provided by the KOPKIJ may provide a rough estimate of neuropsychological problems reflecting a general level of cognitive functioning rather than performance in individual cognitive domains. This is indicated by the indistinctive correlations of subjective and objective domains and by regression analyses according to which IQ, language, visuo-spatial functions are predictive for the KOPKIJ total and the two extracted factors referring to basic functions and academic skills. The only difference seen in regard to neuropsychological predictors of the KOPKIJ scales is that memory plays an additional and differential role in predicting the KOPKIJ basic function score. The finding that a better parents' rating of their children's cognitive performance was positively correlated with objectively assessed IQ and language functions and negatively with visual-spatial functions can hardly be explained. The performance pattern, however, resembles what is be seen with the so called crowding or suppression effect in children or adults with early onset lesions/epilepsy when the right hemisphere becomes involved in originally left hemispheric language processing at the cost of original right hemisphere functions [17, 18] . However, without detailed knowledge of the lateralization of the lesions epilepsies, this remains very speculative.
The finding that objective and subjective cognitive functioning at best correlate on a medium level is not surprising [19] . It is a general and often reported observation that subjective and objective assessments of cognition are poorly related. Subjective ratings are very much influenced by mood [20, 21] , self-ratings can be distorted by cognitive problems [22] , patients may have lay concepts about cognitive domains which do not necessarily match professional definitions [23] , and patients may refer to aspects of their performance which are missed by routine examination of this performance [7] . As for the impact of mood on self report, proxy reports appear less susceptable to such influences than self reports [24] .
The finding that behaviors of the children and adolescents as assessed via the CBCL were correlated to the KOPKIJ shows that the parents' cognition rating is not independent of the appraisal of the childrens behaviors they observe. Internalizing problems were present in 43% and dominated externalizing problems, which were present in 26%. The ratings of the children's behavors appeared more predictive for the KOPKIJ than objective cognition. The CBCL total score together with the childrens coping with the disease (KINDL) and physical fitness (KINDL) explained 44% of the variance of the KOPKIJ total score as compared to 29% explained by neuropsychological measures. From a metholological point of view one must take into consideration that, since the KOPKIJ and the CBCL are both subjective proxy measures answered by the same person (i.e. the parents), the stronger association of the these measures can be due to the mode of assessment. In addition the contents of the KOKIJ and the CBCL overlap in regard to attention and executive functions which belonged to the most frequently impaired functions in neuropsychological testing. Finally, one must keep in mind that behavioral problems and cognitive problems in children with epilepsy often co-occure and can well be driven by a common underlying pathological factor [25] . This is particularly true for frontal executive functions and frontal lobe induced inhibitory or disinhibitory behaviors [26] .
Conclusion
Our findings show that ratings of the parents on the KOPKIJ are valid when compared to the objective neuropsychological assessment of their children. However, they are influenced by other factors as well, particularly by the perception of behavioral problems. Subjective and objective assessments converge on the level of IQ, attention/executive functions, and behavior. Apart from a few differential results, the KOPKIJ reflects cognitive and behavioral problems comorbid to epilepsy and we think that the KOPKIJ can be used as the second best option to the neuropsychological assessment, when the latter cannot be performed. Nevertheless, the KOPKIJ must be interpreted with caution. It seems to overestimate behavioral problems and it underestimates cognitive problems. One should particularly refrain from KOPIJ profile interpretations in regard to individual cognitive domains. 
